INTRODUCTION {#sec1-1}
============

Clear cell odontogenic carcinoma (CCOC) is a rare neoplasm of the jaws and was first described by two separate groups of researchers, Hansen *et al*., and Waldron *et al*., in 1985. It was then termed as clear cell odontogenic tumor considering its locally destructive nature.\[[@ref1][@ref2]\] In 1992, it was included in the World Health Organization (WHO) classification of odontogenic tumors and was defined as a benign neoplasm with a capacity for locally invasive growth, and was considered more aggressive than ameloblastoma. Reichart and Philipsen proposed a revision of the classification of odontogenic tumors in 2003, clearly considering the clear cell odontogenic tumor as a carcinoma.\[[@ref2]\] However, owing to its behavior as an infiltrative neoplasm with a marked tendency for local recurrence, regional lymph node metastasis and possible distant pulmonary metastasis, in the WHO classification of 2005, CCOC was denoted as a malignant tumor of odontogenic origin.\[[@ref3]\] In the past, the terms "clear cell ameloblastoma" and "clear cell odontogenic tumor" were synonymous for CCOC.\[[@ref3][@ref4]\]

CASE REPORT {#sec1-2}
===========

A 55-year-old woman reported to the Department of Oral Pathology, Dr. R. Ahmed Dental College and Hospital, Kolkata with a four month history of painless swelling in left upper jaw region. On inspection, a smooth surfaced, mucosal colored swelling of 3 cm diameter was observed with buccal cortical plate expansion extending from 23 to 25. The premolars were slightly displaced and an ulcer was observed in the interdental region on the palatal aspect \[[Figure 1](#F1){ref-type="fig"}\]. On palpation, the swelling was non-tender, non-fluctuant, and firm in consistency. The regional teeth 24 and 25 were non-tender, but mobile. Bilateral cervical lymph nodes were not palpable. Orthopantomogram revealed a well-delineated, unilocular radiolucent lesion extending from the mesial aspect of 23-26 with divergence of roots of the regional teeth \[[Figure 2](#F2){ref-type="fig"}\]. The patient\'s personal, family, and medical histories were non-contributory. The hematological tests were also within normal limits and no other systemic abnormality was observed.

![Intraoral view showing buccal cortical expansion with ulceration on the palatal aspect](JOMFP-17-89-g001){#F1}

![Orthopantomogram showing ill-defined radiolucent lesion i.r.t. right maxillary posterior region with displaced roots of the regional teeth](JOMFP-17-89-g002){#F2}

With a provisional diagnosis of intraosseous odontogenic tumor, incisional biopsy was performed under local anesthesia. Microscopically, sections stained with H and E revealed sheets and islands of large clear cells separated by a delicate fibrous connective tissue stroma \[[Figure 3](#F3){ref-type="fig"}\]. Under higher magnification, biphasic population of cells characterized by polygonal, clear cells and hyperchromatic, basaloid cells with eosinophilic cytoplasm were seen. Occasional islands showed peripheral palisading. Nuclear pleomorphism was minimal, and mitotic figures were rare. In addition, the fibrous connective tissue stroma exhibited some areas of hyalinization, but no fibrous capsule was identified at the periphery of the tumor \[[Figure 4](#F4){ref-type="fig"}\].

![H and E stained section showing islands of clear cells in fibrous connective tissue stroma (×40)](JOMFP-17-89-g003){#F3}

![H and E stained section showing islands of polygonal, clear cells with interspersed hyperchromatic, columnar cells having eosinophilic cytoplasm (×100), Inset: Nuclear palisading observed at the periphery of the island (×400)](JOMFP-17-89-g004){#F4}

The abundant cytoplasm of the clear cells showed diastase sensitive Periodic Acid Schiff-positive granules, indicating intracytoplasmic glycogen deposition \[[Figure 5](#F5){ref-type="fig"}\]. Tumor cells were immunoreactive for cytokeratins (CKs) 8 and 19, while non-reactive for S-100 and vimentin. Focal heterogeneous moderate immunostaining pattern was observed for CK-8 \[[Figure 6](#F6){ref-type="fig"}\]. CK-19 on the other hand showed moderate, diffuse, heterogeneous pattern of immunoreactivity in the tumor islands \[[Figure 7](#F7){ref-type="fig"}\]. Vimentin was strongly positive in the fibrous stromal component only \[[Figure 8](#F8){ref-type="fig"}\].

![PAS-positive cytoplasmic granules. Inset: diastase sensitive granules (×400)](JOMFP-17-89-g005){#F5}

![Mild cytokeratin (CK-8) immunoreactivity in the tumor islands (×400)](JOMFP-17-89-g006){#F6}

![Moderate cytokeratin (CK-19) immunoreactivity (×400)](JOMFP-17-89-g007){#F7}

![Vimentin immunoreactivity localized to the fibrous connective tissue stroma (×400)](JOMFP-17-89-g008){#F8}

Finally, a diagnosis of CCOC was made and the patient underwent radical resection of the tumor with wide surgical margins. The post-operative histopathological diagnosis was consistent with the incisional biopsy results. The patient made an uneventful recovery with no recurrence and metastasis observed 1 year post-operatively.

DISCUSSION {#sec1-3}
==========

Clear cell odontogenic tumor was originally considered a benign, but locally invasive neoplasm. Later on, its local aggressive growth, frequent recurrences, and occasional metastases recorded in several cases led some authors to consider it as an odontogenic carcinoma.\[[@ref5]--[@ref9]\]

To the best of our knowledge, 73 cases of CCOC have been reported (excluding the present one) in the English dental literature till date. On analyzing the previous cases and the present one, CCOC has a female predilection with M/F ratio of 1:1.8 and majority of cases have been diagnosed in patients older than 40 years (81.0%). Mean age at the time of diagnosis was 54.2 years (range 17-89), with 58.2 years for women and 41.8 years of men. Mandible was involved in 57 cases (77.0%) and maxilla in 17 cases (23%). Posterior region of jaws is the more frequent site for CCOC in comparison to anterior (48% vs. 30%). In only 13% of cases, both anterior and posterior regions of the jaws were involved. The classic clinical presentation of CCOC has been reported to be of a painless swelling in the mandible or maxilla.\[[@ref10]--[@ref14]\] Pain and regional teeth mobility were the occasionally associated symptoms. Three patients complained of paresthesia of the lower lip.

On studying the radiographic appearance of the reported cases, 69 cases (93.2%) manifested as radiolucent, whereas five cases (6.8%) exhibited a mixed radiolucent--radiopaque lesion.\[[@ref15]--[@ref19]\] Cases in which exact radiographic appearance were registered showed that the lesion demonstrated as both well and poorly delineated in a ratio approximately 1:1 (22:21).\[[@ref15][@ref20]\] Histopathologically, CCOC exhibits three histological patterns: Biphasic, monophasic, and ameloblastomatous.\[[@ref4][@ref5][@ref10][@ref11][@ref20]\] Majority of tumors reported had a biphasic pattern with nests of clear cells along with small islands of hyperchromatic, polygonal cells with eosinophilic cytoplasm. These cells surround the periphery of the tumor islands or may form ductal structure at times. The monophasic pattern has islands of clear cells entirely. The ameloblastomatous pattern is the least common type, and is characterized by presence of clear cells in the nests within the follicular network.\[[@ref21]\] According to some authors, CCOC and clear cell ameloblastoma are continuum of the same pathological process, but this contention has not gained much acceptance.\[[@ref5]\]

Several authors have noticed occurrence of hyalinized or partly hyalinized stroma separating the neoplastic islands.\[[@ref21]\] Miyauchi *et al*., and Kumamoto *et al*., found eosinophilic hyaline deposits (reminiscent of amyloid-like globules) in calcifying epithelial odontogenic tumor formed in direct contact with epithelial nests in their reported cases.\[[@ref17][@ref21][@ref22]\] The degree of nuclear pleomorphism, hyperchromatism, and number of mitoses in CCOC are quite variable. In general, encapsulation is seldom seen and it frequently invades the medullary bone, muscle, and the neural tissue.\[[@ref23][@ref24]\]

Glycogen storage is quite common in these tumors displaying PAS positivity which is diastase sensitive.\[[@ref9][@ref21]--[@ref23][@ref25]\] The reports on immunohistochemical findings of CCOC have been inconsistent. Immunoreactivity for CKs, specifically for CKs 8, 13, 18 and 19 has been reported.\[[@ref4][@ref5]\] Data from the 74 reported cases of CCOC (including the present case) were compiled and it was noted that 32.43% cases showed increased and atypical mitotic activity. PAS positivity was reported in 40.5% of the cases. Tumor cells were immunoreactive to Epithelial Membrane Antigen (EMA) in 35.2%, AE1/AE3 in 29.7%, CK-19 in 31.1%, S-100 in 6.7%, and Vimentin in only 2.7% of the cases.\[[@ref2]--[@ref6][@ref9][@ref10][@ref12][@ref20][@ref26]--[@ref32]\] However, the major limitation was lack of reporting in majority of cases. Findings are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Special findings and immunoprofile of the 74 reported cases

![](JOMFP-17-89-g009)

Differential diagnosis includes a wide range of clear cell lesions that may occur in the oral and maxillofacial regions. They may originate from various sources including odontogenic tumors such as ameloblastoma, calcifying epithelial odontogenic tumor, odontogenic carcinoma, and salivary gland tumors like mucoepidermoid carcinoma or hyalinizing clear cell carcinoma. Also includes intraosseous melanocytic tumors, and metastatic tumors from kidney, thyroid, and prostate.\[[@ref23]--[@ref26][@ref33]\] PAS, mucicarmine, and alcian blue stains must be negative to rule out mucoepidermoid carcinoma; in addition, amyloid deposition and/or calcifications in the tumor cells or the intercellular space must be absent to exclude the clear cell variant of calcifying epithelial odontogenic tumor on Congo red-stained slides. Finally, a metastatic lesion can be excluded on clinical and radiological grounds. Microscopically, CCOC lacks prominent sinusoidal vascularity and intratumoral hemorrhage that characterize metastatic renal carcinoma, which is the main possibility when considering a distant primary neoplasm with clear cell differentiation. In addition, immunohistochemistry may be useful in the differential diagnosis of CCOC, as clear cell salivary gland tumors tend to express positive results for S-100 protein, CK, vimentin, and muscle actin, whereas odontogenic tumors with clear cell differentiation react negatively for vimentin and muscle actin.\[[@ref27]--[@ref29][@ref33]--[@ref38]\] Considerable histological and immunological overlaps may result in difficulty in differentiating clear cell carcinoma of salivary gland from CCOC in the maxillary or mandibular region. Ellis and Elizabeth *et al*., favored location as a criterion and suggested that the central osseous destruction seen with CCOC is more supportive of odontogenic origin.\[[@ref39][@ref40]\] A brief compilation of the differential diagnosis is given in [Table 2](#T2){ref-type="table"}.

###### 

Differential diagnosis of clear cell odontogenic carcinoma

![](JOMFP-17-89-g010)

Treatment for CCOC is primarily resection with a wide margin. Other treatment modalities reported include curettage or enucleation, surgical resection with or without lymph node dissection, post-operative radiotherapy, and/or chemotherapy. In the literature, 53 (73%) patients were initially treated with surgical resection, 15 (21%) patients underwent curettage or enucleation, and 1 patient was treated from the onset with chemotherapy. Although no specific treatment was mentioned in literature for four cases. Nine patients had a neck dissection in addition to the surgery. Local recurrences, most of them as multiple regional node and distant metastases are frequently reported.\[[@ref3][@ref12][@ref34]\] On long-term follow-up, the overall recurrence rate for this tumor was 38.35% (28/73), thus emphasizing the need for long-term follow-up. Of the 15 patients who were treated by enucleation or curettage, 13 (86.7%) patients had local and/or regional recurrences, 3 of 4 (75%) patients who died of the tumor developed distant metastatic disease. By contrast, local and/or regional recurrence occurred in 14 (14/53, 26.4%) patients who underwent surgical resection. Therefore, the recurrence rate after initial treatment by resection was lower than conservative therapy (26.4 vs. 86.7%).\[[@ref21][@ref41]--[@ref49]\] The survival rate at 13 years after initial diagnosis is around 21%. Adjuvant radiation therapy may be beneficial in patients with extensive soft tissue or perineural invasion, in cases in which tumor-free margins are not possible or in patients with positive nodes and/or extracapsular spread.\[[@ref5][@ref31]--[@ref33][@ref50][@ref51]\]

CONCLUSION {#sec1-4}
==========

CCOC is a rare malignant odontogenic neoplasm with benign looking histology. The acknowledgment of this rare tumor and its distinction from other clear cell neoplasms is crucial in establishing the appropriate therapeutic plan. Furthermore, as only small number of cases are reported in the literature, long-term follow-up studies might help in understanding the biological behavior of this tumor.
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